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Abstract 
Due to advancement in power electronics and micro computing, the control of the induction machines has considerable 
development that lead to the possibility of high performance real time implementation. The most popular algorithm for the 
control of a three-phase induction motor is the v/f control approach using a natural Pulse-Width Modulation PWM) technique to 
drive a Voltage Source Inverter (VSI). But the performance of electric drives requires decoupled torque and flux control. The 
most widely used controllers in industrial applications are PI controllers because of their simple structure and good performance 
in a wide range of operating conditions. PI and Fuzzy Logic controllers have been designed and developed using 
MATLAB/SIMULINK. Prototype model is developed to validate the effectiveness of the PI and Fuzzy control of induction 
motor drive using dSPACE DS1104 controller. The performance of the SVPWM based induction motor in open loop and closed 
loop is presented with simulation. Fuzzy Logic (FL) and Conventional PI controllers have been practically implemented using 
SVPWM based VSI fed induction motor in open loop mode. The real time performance of Fuzzy based induction motor is 
presented by validating simulation results with the hardware results. 
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1. Introduction  
Over the last two decades, commercially available computer has become both increasingly powerful and 
affordable. This, in turn, has led to the emerging of highly sophisticated simulation software applications that not 
only enable high-fidelity simulation of dynamic systems and related controls, but also automatic code generation for 
implementation in industrial controllers [1-6]. This paper presents the speed control scheme of scalar controlled 
induction motor drive in open loop and closed loop mode, involves decoupling of the speed and reference speed into 
torque and flux producing components.  PI and Fuzzy logic based control schemes have been simulated. The 
performance of fuzzy logic controller is compared with that of the conventional proportional integral controller in 
open loop and closed loop. The dynamic performance of the Induction motor drive has been analyzed for No load, 
Const Load and Speed change command. To validate the effectiveness of proposed fuzzy controller, an experiment 
is conducted on low power prototype of three-phase VSI fed induction motor using dSPACE controller. The real 
time performance of fuzzy based induction motor is presented by validating simulation results with the hardware 
results[1-2]. 
2. Dynamic Modelling & Simulation of Induction Motor 
  The induction motors dynamic behavior can be expressed by voltage and torque which are time varying. 
The differential equations that belong to dynamic analysis of induction motor are so sophisticated, that with the 
change of variables the complexity of these equations decrease converting poly phase winding to two phase winding 
(q-d). In other words, the stator and rotor variables like voltage, current and flux linkages of an induction machine 
are transferred to another reference model which remains stationary [1-6]. Stator inductance is the sum of the stator 
leakage inductance and magnetizing inductance (Lls = Ls + Lm), and the rotor inductance is the sum of the rotor 
leakage inductance and magnetizing inductance (Llr = Lr + Lm). From the equivalent circuit shown in in Fig.2.1  of 
the induction motor in dq frame, the model equations are derived. The dynamic model of an induction motor is 
developed by using equations given in Appendix A.  
   
        Fig.2.1 d q model of Induction Motor.                                                       Fig. 2.2 Simulated Induction Motor model in Conventional Model 
 
The model constructed according to the equations has been simulated by using MATLAB/SIMULINK as shown in 
Fig.2.2 in open loop and closed loop mode with PI controller as operation of induction motor. The block-diagram of 
induction motor and its drive that are simulated in MATLAB/SIMULINK is shown in Fig.2.2. 
3. Control Approaches Of Induction Motor Drive   
Fig. 3.1 shows proposed control scheme for induction motor drive system in open loop and closed loop with 
artificial intelligent controller under implementation. 
3.1 PI Controller  
The gain equation for PI Controller is given by  
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T = Kp e + Ki  ݕ e dt                                     (16) 
 
               Fig.3.1. Proposed Drive System for Static and Dynamic Analysis                                     Fig. 3.2   PI controller 
The output of the PI controller is updated by updating the PI controller gains (Kp and Ki) based on the control law in 
the presence of parameter variation and drive nonlinearity. The use of PI controllers for speed control of induction 
motor drives is characterized by an overshoot during tracking mode and a poor load disturbance rejection. This is 
mainly caused by the fact that the complexity of the system does not allow the gains of the PI controller to exceed a 
certain low value. If the gains of the controller exceed a certain value, the variations in the command torque 
controller gains are very high. The motor reaches the reference speed rapidly and without overshoot, step commands 
are tracked with almost zero steady state error and no overshoot. Load disturbances are rapidly rejected and 
variations of some of the motor parameters are fairly well dealt which will become too high and will destabilize the 
system. To overcome this problem we propose the use of a limiter ahead of the PI controller is proposed [11]. This 
limiter causes the speed error to be maintained within the saturation limits. Fig. 3.2 shows the structure of PI 
controller. 
3.2 Fuzzy Logic Controller (FLC)  
PI controller is one of the most commonly used controllers having good robustness. Later on, FLC became 
a well-known controller and has been used as independent or combined with PI to improve the performance of the 
electric drive. According to research, an AC induction motor may consume more energy than it needs. So, using 
FLC can save more energy consumed by induction motor during start time or when it works in less than full load. 
Furthermore, the cost and complexity of controller are reduced. The speed of induction motor is adjusted by the 
fuzzy controller. In Table-I, the fuzzy rules decision is  implemented in the controller. The conventional simulated 
induction motor model as shown in Fig. 2.2 is modified by adding Fuzzy controller. The fuzzy control model is 
shown in Fig.3.3 Speed output terminal of induction motor is applied as an input to fuzzy controller, and in the 
initial start of induction motor the error is maximum, so according to fuzzy rules FC produces a crisp value. Then 
this value will change the frequency of sine wave in the speed controller.  The sine wave is then compared with 
triangular wave to generate the firing signals of IGBTs in the SVPWM inverters. The frequency of these firing 
signals also gradually changes, thus increasing the frequency of applied voltage to Induction Motor [6-7].  
                                Table 1- Fuzzy Rule Decision. 
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                    Fig. 3.3 Structure of Fuzzy Controller. 
 
As discussed earlier, the crisp value obtained from Fuzzy Logic Controller is used to change the frequency of gating 
signals of PWM inverter. Thus the output AC signals obtained will be variable frequency sine waves. The sine wave 
is generated with amplitude, phase and frequency which are supplied through a GUI. Then the clock signal which is 
sampling time of simulation is divided by crisp value which is obtained from FLC. So by placing three sine waves 
with different phases, one can compare them with triangular wave and generate necessary gating signals of PWM 
e 
ǻe 
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inverter. So at the first sampling point the speed is zero and error is maximum. Then whatever the speed rises, the 
error will decrease, and the crisp value obtained from FLC will increase. So, the frequency of sine wave will 
decrease which will cause IGBTs switched ON and OFF faster. It will increase the AC supply frequency, and the 
motor will speed up. The inputs to these blocks are the gating signals which are produced in speed controller block. 
The firing signals are applied to IGBT gates that will turn ON and OFF the IGBTs.  
4. Fuzzy Based Simulation of   Induction Motor Drive 
A complete simulation model for scalar v/f controlled Induction motor drive incorporating PI and Fuzzy Logic 
Controller is developed as per Fig. 3.1 for artificial intelligence based simulation and hardware implementation of 
the induction motor drive in open loop and closed loop mode. Several simulation tests were done using PI and FLC 
to control the speed of induction motor. Simulations were carried out using various operating conditions such as  no  
load, rated load and change in  speed. The performance of PI  and  FLC were analyzed and compared. The 
SDUDPHWHUVRIWKHLQGXFWLRQPRWRUFRQVLGHUHGLQWKLVVWXG\DUHVXPPDUL]HGLQ$SSHQGL[µB¶7KHKDUGZDUHVWXG\LV
carried out in open loop and, whereas the simulation studies are  evaluated  both in open loop and closed loop. 
4.1 No Load Conditions 
Figures 4.1 to 4.6 show torque-speed characteristics, torque response and speed response with  PI and Fuzzy  
controllers. The Fuzzy controller performs better with respect to rise time, % overshoot and  settling time  as  given 
in Table 2 and 5. 
Open Loop  
 
  Fig. 4.1 Torque ±Speed Characteristics: PI &                Fig. 4.2 Torque Responses: PI &                           Fig. 4.3 Speed Responses: PI &  
  Fuzzy controller at No Load                                           Fuzzy Controller at No Load                                 Fuzzy Controller at No Load 
 
It is apparent from the simulation results shown in Figure 4.1 and Figure 4.4 torque-speed characteristics 
converge to zero in less duration of time when compared with conventional PI Controller. 
 
Closed Loop  
 
 
 
 
 
 
Fig. 4.4 Torque ±Speed Characteristics: PI &                       Fig. 4.5 Torque Responses: PI  &                          Fig.4.6 Speed Responses: PI &  
             Fuzzy controller at No Load                                     Fuzzy Controller at No Load                                 Fuzzy Controller at No Load 
    
   Figures 4.3 and 4.6 shows the speed responses of conventional PI and FLC respectively. It appears that the rising 
time drastically decreases when fuzzy controller is added to simulation model and both results are taken in same 
period of time. As it is apparent, fuzzy logic  controller converges to zero in less duration of time. The speed 
response with this controller has no overshoot and settles faster in comparison with conventional PI controller. It is 
also to be noted that there is no steady-state error in the speed response during the operation when FL controller is 
activated. In addition, no oscillation occurs in the torque response before it finally settles down which is shown in 
Figures 4.2 and 4.5 whereas oscillations occur in conventional PI controller. 
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4.2 Constant Load Conditions  
Figures4.9 and 4.12 show the speed response of the proposed FL  controller when the reference speed = 1440 
rpm. In this simulation, a load of 1.5 Nm was applied at time = 2 sec, the applied load causes the motor speed to go 
down below the reference speed. At the same time, the control signal is able  to compensate the loss of speed which 
is shown in Figure 4.8  and 4.11.When the applied load was removed, the control signal comes down to maintain the 
actual speed equal to the set point. As noticed in the figures 4.9 and 4.12.  
Open Loop  
 
 
Fig. 4.7 Torque ±Speed Characteristics: PI &              Fig. 4.8 Torque Responses: PI &                           Fig. 4.9 Speed Responses: PI &  
Fuzzy controller at Constant Load                                Fuzzy  Controller at Constant Load                        Fuzzy  Controller at Constant Load 
 
PI controller fluctuates as and when load is applied whereas FLC show a good response to this change. But, to be 
more accurate, Table 3 and 6 shows a numerical comparison between the performance of PI and FLC, in terms of 
rise time, settling time, and % peak overshoot when sudden change in load is applied. From the tables FLC, has a 
lesser overshoot, rise time and settling time as compared to PI Controller. This proves that FLC gives better transient 
and steady state responses as shown in Fig. 4.7 and 4.10. 
Closed Loop  
 
Fig. 4.10 Torque ±Speed Characteristics: PI              Fig. 4.11 Torque Responses: PI                                Fig. 4.12 Speed Responses: PI 
& Fuzzy controller at Constant Load                        & Fuzzy Controller at Constant Load                        & Fuzzy Controller at Constant Load 
 
4.3 Change in Speed Command 
 
Fig. 4.15 and 4.18 show speed response with PI &  FL based controllers. The FL controller performs better with 
respect to rise time and steady state error. Fig.4.14 and 4.17 shows the load disturbance rejection capabilities of each 
controller when using a step change in speed from 1440 to 1000 rpm at time (t)= 2 sec. The FL controller at that 
moment returns quickly to command speed, whereas the PI controller maintains a steady state error. Fig. 4.13 and 
Fig. 4.16 shows the torque speed characteristics, when sudden change in speed reference is applied.  
Open Loop  
 
Fig. 4.13 Torque ±Speed Characteristics: PI &            Fig. 4.14 Torque Responses: PI & Fuzzy Controller   Fig. 4.15 Speed Responses: PI &    
Fuzzy Controller at Change in Speed Command        at Change in Speed Command                                     Fuzzy Controller at Change in Speed     
                                                                                                                                                                         Command        
The intelligent controller exhibited better speed tracking compared to PI controller. The comparison of AI and PI 
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FRQWUROOHU¶V performance are given in Table 2 and 3. From numerical analysis, it is observed that FLC controller 
responds quickly and reaches it steady state value for sudden change in speed as compared to PI controller.                                       
Closed Loop  
 
 
Fig. 4.16 Torque ±Speed Characteristics: PI & Fuzzy             Fig. 4.17 Torque Responses: PI & Fuzzy     Fig. 4.18 Speed Responses: PI & Fuzzy      
controller at Change in Speed Command                                 controller at Change in Speed Command     controller at Change in Speed Command 
Open Loop  
Table 2 Performance Comparison between PI & Fuzzy controllers in Open Loop  
 
 Steady State Operation  Transient Operation  Change In Speed  
Control 
 Strategies 
Rise  
Time(Sec) 
%  
Overshoot 
Settling 
 Time (Sec) 
Rise 
Time(Sec) 
% 
Overshoot 
Settling 
Time 
(Sec) 
Rise 
Time(Sec) 
% 
Overshoot 
Settling 
Time 
(Sec) 
PI 0.5602 0.021 1.114 0.5602 0.021 2.4911 0.5602 0.021 2.8819 
FLC 0.4413 0.021 0.8405 0.4413 0.021 2.4502 0.4413 0.021 2.6847 
 
Closed Loop  
Table 3 Performance Comparison between PI & Fuzzy controllers in closed loop  
 Steady State Operation  Transient Operation  Change In Speed  
Control 
 Strategies 
Rise  
Time(Sec) 
%  
Overshoot 
Settling 
 Time (Sec) 
Rise 
Time(Sec) 
% 
Overshoot 
Settling 
Time 
(Sec) 
Rise 
Time(Sec) 
% 
Overshoot 
Settling 
Time 
(Sec) 
PI 0.56 2.3344 1.2737 0.56 2.3344 2.7432 0.56 2.3344 2.815 
FLC 0.4658 3.5484 0.8892 0.4658 3.5484 2.3142 0.4658 3.5484 2.4444 
5. Hardware Implementation of Fuzzy Based Induction Motor Drive 
To validate the effectiveness of the PI and fuzzy controller, SVPWM based Induction Motor drive using dSPACE 
DS1104 controller has been implemented in hardware. In section 4 PI and fuzzy controllers have been designed and 
developed using MATLAB/SIMULINK. The performance of the SVPWM based induction motor in open loop and 
closed loop is simulated. The FLC along with Conventional PI has been practically implemented using SVPWM 
based VSI fed induction motor in open loop mode. The real time Simulink model for open loop v/f speed control of 
three phase induction motor for PI and fuzzy controllers is shown in Fig. 5.1. The block diagram of hardware 
implementation of AI based induction motor drive is shown in Fig. 5.2. 
 
Fig.5.1 (b) Real time Simulink model for v/f speed control           Fig. 5.2 Block diagram of hardware implementation of AI based Induction    
    with PI  and FL Controllers                                                             motor Drive 
 
The dSPACE DS1104 controller produces the SVPWM pulses with PI and Fuzzy Controllers. The  six pulses 
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are applied to IGBT based VSI inverter and three±phase 1HP induction motor whose parameters are listed in 
Appendix ³B´. The PI and Fuzzy  based real time control of induction motor is implemented using dSPACE 
DS1104 controller. The simulation results are validated and compared with hardware results.    
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Simulated Output Pulses: PI Controller                                                  Simulated Output Pulses: Fuzzy Controller        
                          
                   Experimental Output Pulses: PI  Controller                                   Experimental Output Pulses: Fuzzy Controller 
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Simulated Line Voltages: PI Controller                                                  Simulated Line Voltages: Fuzzy Controller  
                                       
Experimental Line Voltages and Line Currents: PI Controller                          Experimental Line Voltages and Line Currents: Fuzzy Controller   
Fig. 5.3 Simulated and Experimental results of Output Pulses,                        Fig. 5. 4 Simulated and Experimental results of Output Pulses, 
Line voltages and currents for PI Controller                                                     Line voltages and currents for Fuzzy Controller 
 
The experimental results were obtained with the help of Digital Storage Oscilloscope and the performance of the 
controller is verified by obtaining the inverter output voltages and currents. Fig. 5.3 and Fig 5.4 illustrates the 
inverter IGBT gate pulses at a frequency of 50Hz for PI and FL, controllers. Fig.5.3 and 5.4 show the inverter output 
line voltages and currents at frequency of 50Hz for PI and FL controller respectively. From Fig.5.3 and Fig. 5.4  it is 
observed that the experimental results closely agree with the simulation results. From Fig 5.3 and Fig. 5.4 it can be 
seen that the output line voltage and current waveforms is nearly sinusoidal in case of Fuzzy controller as compared 
to PI. The more sinusoidal current output produced by the SVPWM inverter less the torque pulsations occur in case 
of Fuzzy controller. By practical implementation, initial torque required is less in case of Fuzzy  as compared to PI. 
 
6.  Conclusion  
 
Simulation results of the induction motor are presented with conventional PI and FL controllers. It is observed from 
the simulated results, FL controller performs better than PI at no load, constant load and change in speed. From the 
results, it is concluded that rise time, settling time and % peak overshoot are better for FLC as compared to PI 
Controller. The open loop v/f control scheme for a VSI based induction motor is implemented in hardware using 
dSPACE DS1104 Controller. dSPACE DS1104 Controller has been used to perform the high-speed calculation of 
the Space Vector PWM and to build the PI and Fuzzy control algorithm. It is confirmed that FL proposed algorithm 
provides the more improved control performance against the conventional PI controller. The performance of the 
proposed Fuzzy based IM drive has been extensively investigated both simulations and by performing 
experimentally at different dynamic operating conditions 
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Appendix ±A Dynamic Model of Induction Motor  
       
 
      
 
        
       
       
 
        
                               
Appendix ±B Induction Motor Parameters 
1HP,3phase, 415V, 50Hz, 1440 rpm, star connected induction machine 
Stator resistance Rs  ȍ 
Stator reactance Xs  ȍ 
Rotor resistance Rr
 ȍ 
Rotor reactance Xr
 ȍ 
Mutual reactance Xm  ȍ 
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